Since the 1990s, state governments in the U.S. have diversified policy instruments to encourage the electric power industry to deploy renewable sources for electricity generation. This study identifies the trends and variations in renewable energy policy governance among states and examines the effectiveness of policy instruments in the deployment of renewable energy sources for electricity production. This study explores 18 state legislative, renewable energy related 
Introduction
In the 1990s, a new era of renewable energy began in the United States. While electric power markets lost their taste for the federal level incentives under PURPA of 1978, a number of new renewable energy policies were adopted at the state level in the process of the electricity market restructuring. Examples of state level policies driving renewable energy development include renewable portfolio standards (RPS), state financial incentives, voluntary purchase of green power, and information disclosure. State governments' renewable energy policy designs vary considerably in magnitude and diversity of the policy instruments adopted. As the number of state level renewable energy policies has increased, so have policy analyses and evaluations focusing on individual programs (Carley, 2009; Delmas and MontesSancho, 2011; Delmas, Montes-Sancho, and Shimshack, 2010; Menz and Vachon, 2006; Shrimali and Kniefel, 2011; Yin and Powers, 2010) . Studies (Carley, 2011) have reviewed the innovation and evolvement of several prominent state renewable energy policies and gave insights of policy effects by putting previous empirical findings together. However, an effort is still needed to synthesize comprehensive trends of renewable energy policies and to analyze what type of government approach works better than others under the current setting of the renewable energy markets. To answer these questions, this study incorporates all ranges of state level policy instruments for renewable energy development and attempts to identify the trends and variations in policy design among states.
In order to trace and understand policy changes over time, categorization of policy instruments has been considered a necessary step in developing an effective indicator (OECD, 2001; Persson, 2006; Richards, 2000) . Analyzing the aggregate level policy instruments could provide an overview of the diverse policy mixes, enabling the analysis of the effectiveness of each policy instrument and thus the development of optimal combinations of policy design (Lascoumes and Le Gales, 2007; Vedung, 1998) .
This study collects historical data on 18 types of renewable energy policies that have been adopted in the 50 states and D.C. in the U.S, and groups them based on the tri-fold policy instruments classificatory scheme: command-and-control, market-based, and information instruments. These three categories of policy instruments enable us to at least partially understand if a state mainly appeals to forceful or coercive policy tools, if it offers financial incentives to the industry, or if the state persuades policy targets by educating and informing market suppliers and consumers. The final analysis was conducted to compare the effectiveness of policy instruments on renewable energy deployment in 48 states, excluding Hawaii, Alaska, and D.C. Retrospective examination of the effectiveness of diverse policy instrument can prospectively suggest the government's future steps regarding better development of renewable energy production. In addition, this study can contribute to the body of knowledge of public policy instrument study by applying previously suggested classificatory schemes to real world cases.
Public Policy Instruments
Public policy instruments are defined as "a set of techniques by which governmental authorities-or proxies acting on behalf of governmental authorities-wield their power in attempting to ensure support and effect social change" (Vedung, 1998) . Choosing appropriate policy approaches and instruments is important because "the use of various policy instruments for governance purposes will probably have different consequences on the nature of addressee responses" (Vedung, 1998) .
In the contemporary public policy environment of governance, policy instruments have undergone innovation, development, and diversification. However, diversification and magnification of policy instruments without supportive evidence of their effectiveness through a carefully designed and conducted evaluation of given policy instrument mixes do not guarantee the governments will achieve policy goals. There has been a call for studies on policy instruments to: 1) evaluate the effectiveness of various policy instruments and 2) analyze the circumstances under which policy instruments can be successfully implemented (Bennear and Stavins, 2007; Howlett, 2004; Bernstein, 1993; Vedung, 1998) . Empirical effectiveness evaluations of governing instruments also contribute to a valid test of classification schemes for policy instruments. This study applies empirical analysis in a quest to answer these crucial research questions.
Categorization of Public Policy Instruments -Typology of Policy Instruments
Classification of policy instruments varies based on differing assumptions. Traditional distinction divides policy instruments into regulatory versus market-based or economic instruments (Bernstein, 1993; Callan and Thomas, 2004; Harrington, Morgenstern, and Sterner, 2004; Stavins, 1991) . Market-based policy instruments were introduced as alternative environmental policy approaches from the 1980s through the 1990s. Economists argue that market-based instruments allow polluters more flexibility to respond according to their selfinterests (Callan and Thomas, 2004; Harrington et al., 2004) . Schneider and Ingram (1990) classify policy tools based on motivational devices embedded in policy tools that empower people. Policies implicitly guide people to take actions that conform to policy goals. Schneider and Ingram (1990) point out five reasons that people do not take actions: (1) lack of authority of law to direct them, (2) lack of incentives, (3) lack of capacity, (4) disagreement with the implicit value of policy goals, and (5) high level of uncertainty. They then define five policy tools addressing those five reasons-authority, incentive, capacity, symbolic/hortatory, and learning tools-and argue that the policy tools reflect the political culture. Vedung (1998) and OECD (1994) define policy instruments with a tri-fold classificatory scheme: regulation (the stick), economic means (the carrot), and information (the sermon).
Vedung (1998) embodies Etzioni (1975) 's work as a basis of the trifold scheme of policy instruments. Etzioni (1975) claimed three kinds of power which are means of controlling subjects to comply and to achieve organizational purposes. He defines coercive, remunerative, and normative power as means for control purposes. Vedung (1998) attempts to characterize policy instruments with three defining properties: (1) coercion, (2) the use of material resources, and (3) intellectual or moral appeals.
This study applies the three categories of policy instruments proposed by Vedung (1998) to classify state level renewable energy policies: command-and-control, market-based, and information instruments. This study chooses the tri-fold classificatory scheme because it covers recently evolved innovative policy tools such as information disclosure that is not under consideration within the traditional distinction between regulation and incentives. Another merit of using the tri-fold classification of policy instruments is that the three categories are exclusive and applicable to a variety of issues. Three defining properties of policy instruments suggested by Vedung (1998) are employed to classify renewable energy policies. The three properties look at whether policy/program uses (1) coercion, (2) material resources, and (3) intellectual or moral appeals to alter people's behavior.
i Figure 1 illustrates the three types of policy instruments that this study refers to for the analysis.
Insert Figure1 here

Command-and-Control Policy Instruments
Policy instruments implemented by governmental units to influence targets through authoritative means are defined as command-and-control (or regulatory) instruments. Under the command-and-control policy, target persons or agents respond to what they are told by the controllers (OECD, 1994; Schneider & Ingram, 1990; Vedung, 1998) . The defining property of command-and-control (or regulation) instruments is the authoritative nature of the relationship between controller/government agency and target population (Vedung, 1998) .
ii Subtypes of command-and-control policy instruments include performance and process standards, licenses/permits, bans, and zoning (Gunningham and Sinclair, 1999; Vedung, 1998) .
Market-Based Instruments
In an effort to convince people to find the government-desired behavior more economically attractive than the undesired one, governments try to alter the market conditions or economic frameworks through economic instruments (Enzensberger, et al., 2002) . Underneath the market-based approach lies an assumption that individuals are utility maximizers who take opportunities to make choices in their own best interests. Incentive instruments rely on tangible pay-offs, such as money, life, and liberty, to motivate target people to comply with or utilize policies. Market-based instruments include charges, subsidies, grants, and loans operated with a medium degree of coercion on public units; also, tax expenditures such as tax credits, deductions, and exemptions are considered relatively less coercive economic incentives (Vedung, 1998; OECD, 1994; Salamon, 2002) .
Information Instrument
The third category of policy instruments is information instruments iii that influence target people through knowledge transfer, communication, and persuasion. Information instruments assume that lack of knowledge and skills prevents potential targets from making the best decision possible. If target agents are informed, they will choose a preferred alternative policy (Schneider and Ingram, 1990 ).
There are two types of information regarding policy instruments: information as and information on. One is information as a policy instrument in itself. The other is "metapolicy instrument" that is used to convey the knowledge of other policy instruments' existence, availability, and meaning (Vedung, 1998) . Vedung (1998) calls the latter type of information, "information on policy instruments." Information instruments are regarded as modern forms of governmental intervention and the least coercive instruments, which is called a sermon or exhortation (Vedung, 1998) . This paper includes both types of information-information on and as policy instruments.
Classification of Renewable Energy Policies
The scope of this study is the entire range of legislative regulations, programs and incentives that the U.S. state governments have adopted to support electricity generation from renewable resources. (Salamon, 2002) v for better understanding of the classification criteria and rationale. Some policies have features that cross the boundaries of the tri-fold classification scheme. This study focuses on the core and primary means of policy through which state governments attempt to increase the deployment of renewable energy in electricity markets. For instance, some studies (Wiser, Namovicz, Gielecki, and Smith, 2007) described Renewable Portfolio Standards as a "market-friendly" policy instrument, highlighting the renewable energy credits (RECs) trading permits for RPS enforcement. However, the primary and core function of RPS is to restrict eligible renewable technologies and requires electricity producers to adopt a specific technology to increase supply and/or demand of renewable energy (Delmas and Montes-Sancho, 2011) . In regard to the quantity-based obligation set by states, RPS is defined as a command-and-control instrument with a high degree of coerciveness in this study.
This study identified five renewable energy policies and programs as command-andcontrol instruments: mandatory renewable portfolio standards (RPS), green power purchasing programs, public benefit funds (PBF), contract licenses, and interconnection standards. As of August 2010, 29 states and the D.C. had legally binding RPSs and seven of which had renewable portfolio goals. In the analysis, only mandatory RPS were included. Among these five policy instruments, RPS, PBF, and green power purchasing programs are identified as obligations because state governments use coercive and authoritative tools to achieve compliance.
Interconnection standards and contractor licenses are grouped separately as process standards.
States have diversified market-oriented policy instruments. State governments currently use eleven kinds of policies, programs or financial support designed to motivate electric producers to deploy renewable energy technologies. This study places net-metering programs and access laws under the market-based policy instrument because they attempt to lower market barriers and assure property rights for the new developers entering the market.
One of the most popular tools adopted by state governments is providing financial assistance to power suppliers. State governments offer various tax expenditures such as sales, property, personal, and corporate tax abatements for the purchase and/or installation of renewable energy equipment. States also award grants or loans to electric power producers for increasing investment in renewable energy development. Governments can render the electricity market environment more favorable for energy developers by using market approaches.
Increasing numbers of states have adopted a new type of policy instrument; information to alter the behavior of electric power suppliers. Some states require electricity suppliers to inform customers about the sources of energy or the amount of greenhouse gas emission.
Another informative instrument that state governments encourage power companies to offer is green power options. Intellectual and moral appeals baseline these two informative instruments.
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Trends in Policy Designs and Renewable Energy Development
As of 2010, 48 states generated a total of 4,107 TWh electricity, which grew by 10.4% Table   2 ). Policy instruments also became diversified in the sense that new policy instrumentsmandatory green power purchasing, production incentives, green power options-were introduced and adopted during the period. In the early 2000s, the most popular policy approaches to the electricity market were net-metering and access laws. These are economic regulations that reduce market barriers and provide assurance of property rights for solar and wind access. State governments began setting up electric power markets favorable to renewable energy developers by using policy instruments characterized by medium level coerciveness, rather than highly coercive command-and-control instruments. During and after the period of electricity restructuring, however, very coercive command-and-control instruments-RPS, interconnection
and PBFs-were adopted in many states. Also information disclosure of power industries had been mandated in many states during that time period. Financial incentives including various tax expenditures and governmental subsidies and grants have increasingly been adopted as states' policy instruments supporting renewable energy development. For recent years, new policy instruments such as performance-based or production incentives and green power options have been introduced and adopted at the state level (Table1).
Research Design: Models and Hypotheses
Conceptual and Analytical Models
This study examines the effectiveness of renewable energy policy instruments using gives more information and variability, and more degrees of freedom which allows exploration of more issues than time-series or cross-sectional data (Baltagi, 2001; Kennedy, 2008; Park, 2011) . Figure 2 illustrates the postulated causal directions of the dependent and independent variables. It models a directional association of policy instruments and other factors with renewable energy development. The model enables a statistical isolation of the marginal effect of each policy instrument, holding all other factors constant. At the same time, this study stipulates which other control variables are likely to impact renewable energy (RE) development. With the context of this model, one can find a mechanism through which factors induce the electric power industry to produce renewable electricity under the given conditions of states.
Insert Figure2 here
This study employs a fixed-effects model to answer the research question on whether the increase in renewable electricity generation is attributable to variation in policy instruments adopted by states, ceteris paribus. Fixed-effects estimate is useful for policy analysis and program evaluation, because it allows investigators to study the causes of change in outcome variables within an entity (Wooldridge, 2012) . Model 1 shows the statistical models of this study using fixed-effects estimate. This model allows us to explore the effectiveness of each type of policy instrument on states' renewable energy deployment. This model also allows us to compare the relative explanatory power of policy instruments.
where "i" denotes a state, and "t" denotes a year of the observation; denotes intercepts; denotes the total renewable electricity generation; denotes the policy instruments indices (command-and-control, market-based, and information instruments) existing in a state (i) in a certain year (t); denotes other control variables; denotes the vector of state dummy variables; denotes the vector of year dummy variables; and denotes the error term.
Research Hypotheses on the Effectiveness of Policy Instruments
Three primary research hypotheses are built upon the three types of states renewable energy policy instruments: command-and-control, market-based, and information instruments.
This study examines the effectiveness of the state governments' intervention in the renewable energy market. Existence of positive effect of a certain policy approach/instrument can be interpreted in a way that the current mechanism of the renewable energy market needs a governments' policy guide based on the behavioral assumption under the pertaining policy instrument (Schneider and Ingram, 1990; Vedung, 1998) .
Command-and-control type policy instruments mainly represented by rules, regulations, and standards, are considered to be effective with respect to the accomplishment of policy goals (Campbell, et al., 2004; Harrington, et al., 2004; Weimer and Vinning, 1999) . Without a specific policy goal or standard by the Federal government, the states' use of coercion as a policy tool encourages the electric industry's use of renewable electricity and is expected to appropriately and effectively increase the production and share of renewable electricity. Several empirical studies support the positive association between RPS adoption and renewable energy development (Carley, 2009; Delmas and Montes-Sancho, 2011; Menz and Vachon, 2005; Shrimali and Kniefel, 2011) , while a few do not find a significant relationship (Yin and Powers, 2010) . This study expects that the introduction of additional command-and-control policy instruments in the given electric markets will show a significant increase in the use of renewables for electricity generation.
H1:
The more command-and-control type of policy instruments a state has, the more renewable sources will be deployed in electricity generation in that state.
The next hypothesis is about the effectiveness of market-based policy instruments in the renewable electricity market. Since the 1980s, market-based policy tools have been regarded as important and innovative because of their relative cost effectiveness pertaining to the flexibility given to policy targets in implementation process (Callan and Thomas, 2004; Hammar, 2006; Harrington et al., 2004) . At the same time, however, it is uncertain that market-based policies alone will be effective in altering people's behavior to accomplish policy goals (Bernstein, 1993; Hammar, 2006) . The U.S. federal government has offered financial assistance, including feed-intariffs and tax expenditures before state governments began intervening in the electric power industry. Hence, this study questions the possibility that existing electricity industry's use of renewable sources would significantly increase with additional introduction of economic incentives by state governments. Some previous empirical studies on renewable energy development (Carley, 2009; Delmas and Montes-Sancho, 2011; Shrimali and Kniefel, 2011) suggested a weak association between economic incentive tools and renewable energy capacity or production. Based on these conceptual discussions and insights from previous studies, this study builds its second research hypothesis that holding all others variables constant, additional adoption of state level economic incentives would work effectively in the current renewable energy market.
H2: The more market-based policy instruments a state has, the more renewable sources will be deployed in electricity generation in that state.
The last research hypothesis pertains to the effectiveness of information instruments introduced by state governments. Information instruments are relatively new and emerging policy tools, encompassing direct information or knowledge about the existence and availability of other related policies (Vedung, 1998) . It is argued that using information as policy tools increases public awareness about essential policy issues and thus helps both market producers and consumers to be well informed (Stavins, 2003; Stephan, 2002; Weiss, 2002) . Recent empirical studies including information disclosure and/or green power option programs show a positive effect of respective programs in the renewable electricity industry (Delmas and Monte, 2011; Shrimali and Kniefel, 2011) . This study argues a positive association between a state's adoption of diverse information instruments and the deployment of renewables in the existing electricity industry.
H3:
The more information instruments a state has, the more renewable sources will be deployed in electricity generation in that state.
The following section presents independent and dependent variables, operational definition of variables and data sources that help test the abovementioned three major research hypotheses.
Variables and Data
Dependent Variables
Actual electricity generation using non-hydro renewable sources is used to measure the policy effects. This study excludes conventional hydro power from its definition of renewable energy because recent state policies have aimed at supporting solar, wind, or biomass energy technologies while conventional hydroelectric facilities have recently been considered environmentally unfriendly. Two operational definitions are employed to measure the renewable energy development in states. Each is modeled as an effect of renewable energy policies. One is the amount of net generation of electricity from non-hydro renewable energy sources; the other is the relative use of renewables in electricity production, which means the share of non-hydro renewables in power generation in states.
The share of non-hydro renewables is used because the relative use of non-hydro renewables in electric power production is not always proportional to the absolute amount of the electricity generated from renewable sources in the states. For instance, Maryland and
Massachusetts experienced a decline in the total MWh of electricity production from renewable sources between 2006 and 2010, but the proportion of renewable sources used in electricity generation increased for the same period due to the overall decrease in electricity production in two states.
With two different variables, this study provides compelling evidence of the effectiveness of public policy instruments as well as to examine the determinants of absolute and relative use of renewable energy technologies in electricity markets respectively. Energy Information Administration provides data on annual net generation of electricity by state by source. Consistency in the identification exercise is the only way to overcome this problem."
This study develops aggregate indices to measure the magnitude and diversity of renewable energy policy instruments. First, this study constructs a dummy variable for each of 18 policies and program: equal to one if a state has a renewable energy policy, and equal to zero if the state does not have a program in a given year (Carley, 2009; Delmas and Montes-Sancho, 2011 This study examines that state specific characteristics including electricity market conditions, economic and political environments, and natural endowments influence the power industry's decision to deploy renewable sources.
Electricity market conditions
Electric generators' use of renewable energy sources and technologies should be at least partially determined by the supply and demand equilibrium under the given conditions and characteristics of electricity markets. First of all, the overall size of the electricity market in a state is considered to see if the increase or decrease of electricity demand affects electricity producers' choice of resources as well as to control the size differences among states in terms of electricity consumption. Annual total amount of electricity sales (MWh) within a state, consumed by residential, commercial, and industrial sectors, is used to measure the overall size of the state's power market. Electricity sales data is available at EIA.
Natural gas price and electricity price are considered to affect the consumption of renewable sources in power generation (Birds, et al., 2005; Carley, 2009; Shrimali and Kniefel, 2011) . Some argue that high natural gas prices are positively associated with renewable electricity generation, because as a substitute of renewable resources, high wholesale prices of natural gas make renewable energy relatively competitive and cause electric producers to shift to use of relative cost competitive alternative energy (Bird, et al., 2005; Shrimali and Kniefel, 2011) . It is argued that the higher the price of electricity, the less likely consumers and electric utilities will want further investment in relatively expensive renewable sources for electricity generation. Instead, electric generators may switch the source of power generation from natural gas to cheaper fossil fuel (Carley, 2009; EIA, 2009; Shrimali and Kniefel, 2011) . This study includes both the natural gas price and electricity price of states. States' annual average retail electricity price and wholesale natural gas prices for electricity generation are obtained from (Kneifel, 2009 ).
However, a country or a nation's nuclear power capacity may also be an impediment, if it is used as a substitute, to deployment of renewable energy technologies.
States' net import/export of electricity is considered as a possible factor affecting the electricity industry's use of renewable sources (Yi and Feiock, 2014; 2012; Yin and Powers, 2010 returns. This study measures a state's electricity import/export ratio by net generation of electricity over total electricity sales within the state. The underlying assumption is that a state exports whatever portion of its electricity production exceeds total demand in the state. An electricity export index bigger than unify indicates a positive net export of electricity of a state; export index smaller than 1 refers positive net import of electricity from other states.
This study includes the mode of electric utility service that influences renewable energy development in states. Private utilities are expected more likely to be responsive to state introduction of various renewable energy policies, compared to publicly owned utilities such as municipal utilities and rural cooperatives which are usually exempted from renewable energy standards (Deyett, et al. 2003 ).
x This study measures the percent of electricity sales (MWh) sold by investor-owned utilities over total electric utility sales in each state. 
State economic characteristics
States' overall economic conditions also play significant roles in the production and consumption of renewable energy. It is hypothesized that a wealthy state can invest more in environmentally friendly projects (Ringquist, 1994; Sapat, 2004) . Previous empirical findings
show that actual electricity generation from renewable sources is associated with state wealth (Carley, 2009 ), but not so as with nameplate capacity (Delmas and Monte-Sancho, 2010; Shrimali and Kniefel, 2011; Yin and Power, 2010) . The expectation here would be that the more state wealth increases, the more that renewables will be used for electricity generation. State wealth is measured by per capita gross state product (GSP) in constant 2005 dollar value.
Historical GSP data is available at Bureau of Economic Analysis.
Industry-based interest groups are considered to be obstacles to pro-environmental legislation because environmental policies result in an increase in the production cost or the reduction in demand for their products (Sapat, 2004; Vachon and Menz, 2006) . The presence of sizable stakeholder groups who view renewable energy policies as negative propositions would detract the governmental support and legislation for renewable energy development and adversely influence the development of renewable electricity markets (Carley, 2009; Vachon and Menz, 2006) . This study examines whether the petroleum and coal product manufacturing and mining industries influence the power industry's decision to use renewable energy technologies.
The relative strength of industry-based interest groups is measured by the percentage of gross state product (GSP) attributable to each industry over total GSP.
Political environment
Public policy literature enables consideration of states' contextual factors in driving variations in policy instruments choice (Berry and Berry, 1990; Daley and Garand, 2005; Feiock and West, 1993; Howlett, 2004) . Policy instrument choice is not politically neutral and is guided by policy activities. A political environment not only affects instrument choice, but also is expected to influence the ultimate policy implementation (Peters, 2002) . To evaluate policy instruments, hence, political factors shaping policy instrument choice should be considered.
States' political environment has been operationalized with a variety of different variables such as the preferences of state legislators and the nature of the constraints in the implementation process (Clark and Whitford, 2011; Daley and Garand, 2005; Bressers 1998; Bressers and O'Toole, 1998; Schneider and Ingram, 1990 (Clark and Whitford, 2011; Carley, 2009; Delmas and Montes-Sancho, 2011; Shrimali and Kneifel, 2011; Vachon and Menz, 2006) . xii This study assumes that renewable energy development is a subset of environmental issues, so that state legislators' preferences for renewable energy policies moves in the same direction as their commitment to overall environmental policy.
Social interest in environmental issues is considered to facilitate pro-environmental legislation including renewable energy policies. Empirical studies have shown that states with more participants in environmental interest groups are more likely to adopt the renewable energy policies , and also are likely to deploy more renewable energy technologies (Delmas and Montes-Sancho, 2011) . This study hypothesizes that the level of citizen participation in environmental issues is positively associated with renewabele energy delployment in states. This study measures the degree of social interest in environmental issues by the number of Sierra Club chapter memberships per 1,000 people in each state (Delmas and Montes-Sancho, 2011; Hall and Kerr, 1991; Sapat, 2004) .
xiii Once a policy is adopted, policy outcomes are affected depending upon the administrative capacity of institutions that monitor and enforce the policy (Sapat, 2004) . This study considers the relative size of public agencies working for natural resources within states to measure the states' administrative capacity to implement renewable energy policies (Carley, 2009 ). This study uses, per million residents, number of state and local governments' employees, full-time equivalent (FTE), assigned to the government function of natural resources.
xiv
Natural endowment
The variation in renewable energy production among states is assumed in part driven by the renewable resource endowment (Bird et al., 2005) . Natural potential of renewable energy resources such as solar, wind, and biomass is geographically-oriented, idiographic, and not transportable between states. Different from previous studies (Carley, 2009; Delmas and Montes, 2011; Russo, 2003) , a time-variant measure of wind potentials is used to look at the association of natural endowment and renewable energy deployment within states. 
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Empirical Results
This study conducts a fixed-effects panel analysis with year-fixed dummy variables to
analyze the time-series cross-sectional data. Cluster-robust standard errors are used to account for the heteroskedasticity and serial autocorrelation found in the model (Drukker, 2003; Wooldridge, 2003) . Table 4 presents the result from two different fixed-effects estimates: one with a dependent variable equal to total amount of electricity generated from non-hydro renewable sources; the other with a dependent variable equal to the share of non-hydro renewable electricity generation.
Insert Table 4 here
The first fixed effect model, Model 1, fits the panel data used in the anaysis well (F = 7.05 and R 2 = 0.56). The results of Model 1 show that the number of command-and-control type of policy instruments has a positive and significant association with the amount of electricity generated from non-hydro renewable sources. To interpret the coefficienct, holding all others constant, an additional adoption of regulatory renewable energy policy is associated with a 15.6% increase in renewable electricity generation in a state. However, the market approach index and information instrument index do not have statistically significant associations with the amount of renewable electricity generation in states. The regression results also indicate other predictors of states' net generation of renewable electricity. States' per capita gross product has a positive and significant association with the amount of net renewable electricity generation, as does the total electricity sales within states. A 1% increase in gross state product is associated with a 1.96% increase in net generation of renewable electricity while a 1% increase in total electricity sales within a state would increase net renewable electricity generation by 3.3%. The coefficient of relative size of Sierra Club is positive and significant. A 10% increase of environmental group memberships would increase deployment of renewable energy by 11%.
States' wind energy potential has a positive and strong association with the amount of non-hydro renewable electricity generation, while wholesale price of natural gas has a positive association at marginal level. 
Discussion
Both the increases in the amount and share of renewable electricity were attributed to the adoption of more command-and-control policy instruments. This implies that the diversification of authoritative and coercive approaches of state governments' intervention in electric power industries has effectively altered the power suppliers' choice of energy sources from conventional to non-hydro renewables. Even though regulatory approaches have been criticized with respect to cost-effectiveness and flexibility, authoritative and coercive governance tools are effective in achieving policy goals especially in the area where market systems do not generate socially appropriate goods and services (Harrington et al., 2004) .
Regarding market-based instruments, results did not find significant evidence of effectiveness. The results verified the theoretical arguments that market-based policy instruments or economic incentives do not guarantee the achievement of policy goals (Hammar, 2006; Harrington, et al., 2004) . The results are also consistent with prior empirical studies that examined the influence of financial incentives on renewable energy capacity or production (Carley, 2011; Delmas and Montes, 2011) . A possible explanation is that these market-based instruments, adopted by states, failed to incentivize or motivate people to use renewable energy technologies in electricity production. While market players in the electric power industry benefited from using given market-based instruments, the renewable energy outcome did not meet state governments' expectations (Hammar, 2006) . In either case, the states' market-based policy designs did not seem appropriate or effective as a catalyst for renewable energy production until 2010.
Further, financial incentives including tax expenditures, subsidies or loans may mislead the energy market. Electricity producers may enjoy the economic benefits from purchasing and installing renewable energy equipment offered by the governments to reduce their cost of electricity generation from renewable sources. However, at the same time, electricity producers may want to invest more, as much as they save from governmental support for renewables, in purchasing their conventional sources of electricity such as coal or natural gas. If this is the case, financial incentives can hardly be expected to show the expected short-term outcomes in terms of proportion of renewables of total electricity generation.
This study showed results consistent with prior empirical studies that estimated the effects of individual informative programs (Yin and Power, 2009 , Shrimali and Kniefel, 2011 , Delmas and Montes-Sancho, 2011 . They found a positive and significant impact of green power options on renewable energy capacity. This study showed that the number of information instruments did not explain the amount of electricity generation from renewable sources, but helped to explain the share of renewables in electricity production. A possible explanation is that information given to consumers does not necessarily translate to new investment in renewable energy systems. Instead, the availability of information influences electric power producers to choose to alter the sources of energy from conventional to renewable sources. This story is moreover supported by the positive and significant influence of citizen interest in environmental issues on the amount and share of renewable electricity in states.
Once policy instruments have been adopted, achievement of policy goals may depend on citizen participation and market conditions rather than political preferences and environments.
Put another way, people may or may not be motivated by the same policy instruments, for instance, tax incentives, to alter their behavior depending on their pre-existing interest and preference for the environment and green energy. Citizens with favorable preferences toward environmental issues could either be consumers or producers of renewable electricity, or both.
As consumers, they could exercise their pressure on electric power utilities to use clean energy sources. Alternatively, they can generate renewable electricity as independent power producers, or produce combined heat and power using renewable energy equipment.
State wealth measured by per capita GSP was the single most important factor accounting for variation in the increase in electricity production using renewable sources. Such results suggest that wealthy states have more interest and capacity to invest in environmentally friendly projects (Ringquist, 1994; Sapat, 2004) , which is consistent results what previous empirical studies found (Carley, 2009; Shrimali and Kniefel, 2011; Delmas and Monte-Sancho, 2010 ).
Even though this study examined the impact of state wealth on renewable electricity production, it is possible that the state wealth induces investment in clean energy industry either from inside or outside state developers.
Electricity market conditions significantly affect the actual use of renewable source for electricity production in a given year. Natural gas price inversely correlates with utilization of renewable energy technologies in electricity production. A huge decline in natural gas prices in the early 90s hindered the growth rate of renewable energy as industry stagnated; the Energy Crisis in California in early 2000s motivated Western states to invest more in alternative power sources. Interestingly, the average retail price of electricity does not seem significant in both models, while natural gas price consistently seem to serve as an important factor. This implies that electricity suppliers care about the cost-effectiveness or efficiency and consider non-hydro renewables as their alternative resources to reduce the cost of production. On the other hand, the sales price or retail price at which consumers purchase electricity does not seem to influence power suppliers' choice of energy sources in any ways.
A state's experience of importing electricity is also an important determinant of the relative use of renewable sources for electricity generation. The more a state imports electricity from other states, the larger the share of renewable electricity. This study assumed that those states that export of a greater proportion of electricity is less likely to replace their conventional sources of electricity production with non-hydro renewables. Conversely, those states that import more electricity from other states for their in-state consumption are likely to use relatively more renewable sources to produce electricity. It is also possible that a state may increase its import of electricity from other states by intention of exporting carbon emissions generated from coal-fired power production, while promoting renewable energy technologies within the state. 
Conclusion
There was significant variation in renewable energy policy designs among states over time. However, some commonalities among these policy instruments also emerged. Without a well-designed policy evaluation, it is hard to say if states have developed and used the policy instruments due to the effectiveness, policy fashion, or diffusion from neighboring states.
To date, command-and-control types of policy instruments such as renewable portfolio standards have been regarded as the dominant and effective tools in the electric power markets for an increase of renewable electricity production. However, it is too early to assume that the authoritative and coercive policy approach is the best instrument. It is only in the recent years that the government has intervened in the electricity market using the command-and-control instruments, which have the possibility to achieve policy goals at a faster rate than other instruments (Harrington et al. 2004) .
Similarly, the insignificant effects of market-based instruments revealed by the analysis results do not mean that state governments need to stop financial supports for renewable energy developers. The market-approach may take a longer time to affect the electric power industry.
We may need to wait until the investment in renewable energy technologies and equipment are effectively operating. Another issue stems from the possibility that Federal support for renewable energy industries, under the ARRA of 2009, diminished the impact of states-setting incentive systems for the renewable energy market. In that case, continuing experiments and evaluation of market-based policy instruments are necessary for improvement of policy designs.
Over the long history of the federal government's support for electric power sectors using fossil fuel and nuclear power, renewable electricity has been at a competitive disadvantage. As long as fossil fuel or nuclear-based electricity is being incentivized and given huge tax breaks, renewable energy policies, especially financial incentives, will experience difficulties in taking immediate effects. In addition, increased availability of oil and gas achieved by recently permitted shale drilling in the U.S. may put a brake on the recent trend of increasing deployment of renewable energy technologies. As oil and gas extraction businesses boom, the market equilibrium of supply and demand would move the natural gas price downward, which affects electric power producers' choice of energy sources, consistent with the analysis results.
Therefore, policy makers must have a comprehensive consideration when they make policy designs for renewable energy development.
Analytical results showed that both informative/voluntary instruments and social interest in the environment are important. Together with citizen "Go Green programs," sermons to the electric industry become important. Under given circumstances, financial and institutional capacity, one of the possible and effective ways that state and local governments can approach deployment of renewable electricity is to educate and enlighten both suppliers and consumers of electricity. Innovative policy instruments such as information, education, and voluntary agreements are highly recommended to be designed. Source: by Author Note: Salamon (2002) uses the term, "tool" or "instrument" interchangeably at the most descriptive level. He defines a tool of public action as "an identifiable method through which collective action is structured to address a public problem." Salamon (2002) calls them as "illustrative tools" and groups them together based on various criteria such as degree of coerciveness, directness, automaticity, visibility, etc.
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